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VSUD\ FRPEXVWLRQ SURSHUWLHV QHHG WR EH FKDUDFWHULVHG WKRURXJKO\ DJDLQVW EDVHOLQH IXHO 6HYHUDO JURXSV
KDYH LQYHVWLJDWHG WKH FRPEXVWLRQ SHUIRUPDQFH RI ELRGLHVHOV +DVKLPRWR HW DO >@ LQYHVWLJDWHG WKH
SRWHQWLDORI MDWURSKDELRGLHVHO IRUJDV WXUELQHDSSOLFDWLRQ ,WZDV UHSRUWHG WKDW ODUJHU MDWURSKDELRGLHVHO
GURSOHWZDVJHQHUDWHGLQDJDVWXUELQHEXUQHUFRPSDUHGWREDVHOLQHGLHVHOIXHO(PLVVLRQZLVHMDWURSKD
VSUD\IODPHSURGXFHVKLJKHU&2DWORZIODPHWHPSHUDWXUHR&GXHWRORZIXHOHYDSRUDWLYLW\EXW
VLPLODU12[HPLVVLRQOHYHOFRPSDUHGWRGLHVHOIXHO,QDVHSDUDWHZRUN+DVKLPRWRet al.>@FRPSDUHG
WKHSHUIRUPDQFHRIVSUD\IODPHHVWDEOLVKHGIURPSDOPELRGLHVHOZLWKGLHVHOIXHO/RZHU12[HPLVVLRQV
ZHUHVKRZQE\WKHIRUPHU
6HTXHUDHWDO>@XWLOLVHGDQDLUEODVWLQMHFWRUW\SHD[LDOVZLUOFRPEXVWRUWRFRPSDUHWKHHPLVVLRQ
RIVR\PHWK\OHVWHUVR\HWK\OHVWHUDQGELRRLOS\UROLVHGIURPKDUGZRRGDJDLQFRQYHQWLRQDOGLHVHO7KH
UHVXOWVKRZHGORZHUHPLVVLRQVRI12[DQG&2IRUELRGLHVHOEOHQGHGIXHOVDWFRQVWDQWIXHOPDVVIORZUDWH
,QDN:PLFURJDV WXUELQHVWXG\FRQGXFWHGE\+DELEet al. >@XVLQJVR\FDQRODUDSHVHHGDQLPDO
EDVHGDQGEOHQGVRIELRGLHVHOZLWK-HW$IXHOWKHWXUELQHLQOHWDQGHQJLQHH[KDXVWJDVWHPSHUDWXUHGLGQRW
VKRZDQ\VLJQLILFDQWFKDQJHVZLWKIXHOW\SH7KHPHDVXUHG&2DQG12HPLVVLRQFRQFHQWUDWLRQVKRZHGD
GHFUHDVLQJWUHQGZKHQELRGLHVHOVZHUHXVHG%ROV]RDQG0F'RQHOO>@DOVRXWLOLVHGDN:JDVWXUELQH
HQJLQHWRFRPSDUHWKHDWRPL]DWLRQFKDUDFWHULVWLFVRIVR\ELRGLHVHODQGGLHVHOXQGHUFROGVSUD\FRQGLWLRQV
,WZDVUHSRUWHG WKDWVR\ELRGLHVHOJHQHUDWHG ODUJHUGURSOHWVL]H LQFROGVSUD\DQGKLJKHU12[HPLVVLRQV
XQGHUUHDFWLQJIORZ7KLVLQGLFDWHVWKDWGURSOHWFKDUDFWHULVWLFVFDQKDYHGLUHFWLQIOXHQFHRQHPLVVLRQV
 2XUSUHYLRXVZRUNFRPSDUHG WKH VSUD\FRPEXVWLRQSURSHUWLHVRISDOPELRGLHVHOZLWKEDVHOLQH
IXHOV >@7KH UHVXOW VKRZV WKDW12[ HPLVVLRQV DUH VLJQLILFDQWO\ UHGXFHG LQ WKH FDVHRISDOPELRGLHVHO
ZKLOVW &2 HPLVVLRQV DUH QRW DIIHFWHG 7KH SUHVHQW H[SHULPHQW IRFXVHV RQ WKH LQYHVWLJDWLRQ RI VSUD\
FRPEXVWLRQFKDUDFWHULVWLFVRI50(DQG50(GLHVHOEOHQGXVLQJDQD[LDOVZLUOPRGHOJDVWXUELQH
EXUQHU7KHVSUD\GURSOHWFKDUDFWHULVWLFVIODPHUHDFWLRQ]RQHDQGVSHFWURVFRS\DUHLQYHVWLJDWHG


 ([SHULPHQWDO

2.1 Burner system and fuels tested 

7KH VZLUO EXUQHU HPSOR\HG LQ WKH SUHVHQW VWXG\ VLPXODWHV WKH FRQILJXUDWLRQ RI D GXPS
FRPEXVWRU$FLUFXODUTXDUW]WXEHZLWKDGLDPHWHURIPPDQGPPLQOHQJWKZDVXVHGWRIRUPD
FRPEXVWRUZDOODWWKHEXUQHURXWOHW$FRPPHUFLDOWZLQIOXLGDWRPL]HU'HODYDQ61W\SHZDV
SODFHGFRQFHQWULFDOO\ZLWKWKHVZLUOHU7KHDLUDQGIXHORULILFHGLDPHWHUVIRUWKHDWRPL]HUDUHDQG
PP UHVSHFWLYHO\ 7KH D[LDO VZLUOHU FRQVLVWV RI HLJKW VWUDLJKW YDQHV SRVLWLRQHG DW R IURP WKH D[LDO
FHQWUHOLQHD[LVZLWKWKHJHRPHWULFVZLUOQXPEHURI7KHIXHOIORZUDWHZDVVXSSOLHGWRWKHDWRPL]HU
E\XVLQJD%URQNKRUVW&RULROLVPDVVIORZFRQWUROOHU0PLQL&25,)/2:DFFXUDF\7KH
PDLQ DLU IORZ DQG DWRPL]LQJ DLU ZHUH VHSDUDWHO\ UHJXODWHG E\ WZR %URQNKRUVW WKHUPDO PDVV IORZ
FRQWUROOHUV0)&ZKLFKGHOLYHUWKHIXOOVFDOHDFFXUDF\RIUHVSHFWLYHO\3UHKHDWLQJRIWKHPDLQDLU
IORZZDVSHUIRUPHGXVLQJWZRLQOLQHDLUKHDWHUV:KHDWHUDUUDQJHGLQVHULHV7KUHH2PHJDURSH
KHDWHUV:URSHZHUHXVHGWRKHDWWKHEXUQHUSOHQXPDQGERG\7KHEXUQHUZDVLQVXODWHGWRSUHYHQW
KHDWORVV6FKHPDWLFRIWKHEXUQHUDQGIORZGHOLYHU\V\VWHPLVVKRZQLQ)LJ
7KHUDSHVHHGELRGLHVHOPHWK\OHVWHUV50(WHVWHGFRQIRUPVWRWKH(XURSHDQ8QLRQ¶V(1
VWDQGDUG7KHFRPPHUFLDOJUDGHORZVXOSKXUGLHVHOIXHOZDVREWDLQHGIURPDORFDOSHWURONLRVNLQWKH8.
'XH WR WKH LQKHUHQWSUHVHQFHRIR[\JHQ LQELRGLHVHOV WKHHQHUJ\FRQWHQWRI50( LV ORZHU2QDPDVV
EDVLVWKHKHDWLQJYDOXHRI50(LVORZHUWKDQGLHVHOE\EXWRQO\E\ORZHURQDYROXPHEDVLV
GXHWRWKHKLJKHUGHQVLW\RI50(50(KDVVOLJKWO\KLJKHUYLVFRVLW\DQGIODVKSRLQWFRPSDUHGWRGLHVHO
DVVKRZQLQ7DEOH%OHQGLQJRI50(ZLWKGLHVHOZDVSHUIRUPHGDWYROXPHWULFDOO\

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

2.2 Fuel and operating conditions 

7KHPDLQEXONVZLUOLQJDLUZDVSUHKHDWHGWRDWHPSHUDWXUHRIR&SULRUWRLQWHUDFWLQJZLWKWKH
OLTXLG IXHO VSUD\ FRD[LDOO\ DW WKH EXUQHU RXWOHW 7KH DWRPL]LQJ DLU DQG WKH OLTXLG IXHO ZHUH GHOLYHUHG
LQGHSHQGHQWO\DWURRPWHPSHUDWXUHWRWKHEXUQHURXWOHWDWWKHIL[HGDWRPL]LQJDLUWRIXHOPDVVUDWLRRI
7KH HVWDEOLVKHG IODPHV ZHUH FRPSDUHG DW WKH VDPH EXUQHU SRZHU RXWSXW RI  N: DQG JOREDOO\ OHDQ
FRQGLWLRQRII 7KHRSHUDWLQJFRQGLWLRQVIRUWKHIXHOVWHVWHGDUHVKRZQLQ7DEOH

7DEOH2SHUDWLQJFRQGLWLRQV*OREDOSRZHUN:DWI 
)XHO 0DLQDLUJV $WRPL]LQJDLUJV )XHOJV
'LHVHO   
50(   
50(GLHVHO   


5HVXOWVDQGGLVFXVVLRQ
3.1 Spray droplet characterisation 
$'SKDVH'RSSOHUDQHPRPHWHU3'$V\VWHP'DQWHFPP)LEHU3'$ZDVHPSOR\HGWR
FKDUDFWHULVH WKH VSUD\ GURSOHWV RI WKH UHDFWLQJ IODPHV 7KH VHWWLQJV IRU 3'$ DUH VKRZQ LQ >@
0HDVXUHPHQWVZHUHSHUIRUPHGDWD[LDOORFDWLRQVRIz DQGPPGRZQVWUHDPRIWKHEXUQHURXWOHW
z PP7KHVWDWLVWLFDOXQFHUWDLQW\IRUWKHGURSOHWYHORFLW\DQGGLDPHWHUVLVHVWLPDWHGWREHDQG
UHVSHFWLYHO\
7KHKDOISODQHGURSOHWGLVWULEXWLRQLQIODPHLVVKRZQLQ)LJ7KHSHDNGURSOHWD[LDOYHORFLWLHV
DUH VXEVWDQWLDOO\ KLJKHU WKDQ WKH ORFDO JDV YHORFLWLHV )LJXUHV DF ILUVW FROXPQ DV WKHPRPHQWXP LV
FUHDWHGE\WKHVSUD\LWVHOI7KHYHORFLW\GLVWULEXWLRQSHDNVFORVHWRWKHFHQWUHOLQHWKHQVSUHDGVRXWDZD\
7DEOH)XHOSURSHUWLHV
3URSHUWLHV 'LHVHO 50(
6XSSOLHU 6KHOO $'0
$SSUR[IRUPXOD &+ &+2
+&UDWLR  
&2UDWLR  
6SHFJUDYLW\DWR&  
3RXUSRLQWR&  
9LVFRVLW\DWR&F6W  
)ODVKSRLQWR&  
&HWDQHQXPEHU  
/+9N-NJ  
6ZLUOHU



$WRPL]HU
4XDUW]WXEH
0)&
0)&
$WRPL]LQJDLU
3OHQXP
3XPS )XHO
$LU$LUKHDWHUV
0)&
+HDWHGDQG
LQVXODWHG
U
]
7KHUPRFRXSOH
)LJXUH6FKHPDWLFRIWKHD[LDOVZLUOIODPHEXUQHUDQGIORZGHOLYHU\
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IURPWKHRULJLQLQWRDEURDGHUSHDNDVWKHVSUD\GLVSHUVHVDQGH[FKDQJHVPRPHQWXPZLWKWKHVXUURXQGLQJ
UHFLUFXODWLRQ]RQH7KHUHLVOLWWOHGLIIHUHQFHEHWZHHQWKHYHORFLWLHVDQGIOXFWXDWLRQVIRUWKHGLIIHUHQWIXHOV
ZLWKDVPDOOHUYHORFLW\IRUWKHGLHVHOIXHOFRPSDUHGWRWKHEOHQGVUHIOHFWLQJWKHIDFWWKDWWKHIORZUDWHLV
KLJKHULQWKHFDVHRIWKHSXUHIXHODQGEOHQGVWRPHHWWKHVDPHWRWDOSRZHU7DEOH

)LJXUH5DGLDOGLVWULEXWLRQRIGURSOHW DFPHDQD[LDOYHORFLW\ GI60'JLQXPEHUGHQVLW\DQGMOYROXPHIOX[DWD[LDO
SRVLWLRQVz PPURZPPURZDQGPPURZIURPEXUQHURXWOHWXQGHUWKHVDPHSRZHURXWSXWFRQGLWLRQ


7KHGURSOHWVL]HGLVWULEXWLRQLVVKRZQLQFROXPQ)LJGI,QJHQHUDOGURSOHWVL]HVLQFUHDVH
ZLWK UDGLDO GLVWDQFH DQG GHFUHDVH ZLWK D[LDO GLVWDQFH 7KH LQFUHDVH RI GURSOHW 6DXWHU PHDQ GLDPHWHU
60'ZLWKUDGLDOGLVWDQFHFORVHWRWKHVSUD\RULJLQFDQEHH[SODLQHGE\WKHIROORZLQJIDFWRUVDODUJHU
GURSOHWV OHDYLQJ WKHVZLUOLQJVSUD\ WLSKDYHKLJKHUPRPHQWXPDQG WKHUHIRUHSHQHWUDWH IXUWKHU LQWR WKDQ
VPDOOHUGURSOHWVEODUJHUGURSOHWVXQGHUJROHVVHYDSRUDWLRQWKDQVPDOOHUGURSOHWVDVWKH\SDVVWKURXJK
WKH UHDFWLQJ ]RQH )XUWKHU DZD\ IURP WKH VSUD\ RULJLQ WKH GURSOHW VL]H GHFUHDVHV E\ HYDSRUDWLRQ DQG
UHDFWLRQOHDYLQJDFORXGRIPRUHXQLIRUPGURSOHWV7KHUHDUHRQO\PRGHVWGLIIHUHQFHVEHWZHHQIXHOW\SHV
50(VKRZVVOLJKWO\ODUJHUGURSOHWVWKDQGLHVHODQGWKHEOHQGEHKDYLRXULVFORVHUWRWKDWRIGLHVHO
7KH GURSOHW QXPEHU GHQVLW\ KRZHYHU GURSV GUDPDWLFDOO\ ZLWK GLVWDQFH IURP WKH H[LW DV WKH
LQWHQVH FRQYHFWLYH HYDSRUDWLRQ E\ WKH KRW JDVHV UDSLGO\ FRQVXPHV WKH GURSOHWV 7KH GURSOHW QXPEHU
GHQVLW\IRU50(LVVLJQLILFDQWO\KLJKHUWKDQWKDWRIGLHVHODQGWKHEOHQGDWDOOVSDWLDOORFDWLRQVZKLOHWKH
50(GLHVHOEOHQGVKRZVDVLPLODUSURILOHDVGLHVHO)LJJLFROXPQ$VLPLODUWUHQGDSSHDUVLQ
GURSOHWYROXPHIOX[SURILOHV)LJMOFROXPQ7KHFRQVLVWHQWO\KLJKGURSOHWGHQVLW\RI50(LVSDUWO\
GXHWRWKHKLJKHUIXHOPDVVIORZUDWHFRPSDUHGWKHGLHVHODWFRQVWDQWSRZHURXWSXWDQGWKHVORZHU
HYDSRUDWLRQ UDWH RI ELRGLHVHO GXH WR LWV ORZHU YRODWLOLW\ DQG KLJKHU VXUIDFH WHQVLRQ 7KLV LV VRPHZKDW
VXUSULVLQJ DQGSRWHQWLDOO\ LQGLFDWHV WKDW WKH DGGLWLRQRI50( WRGLHVHO OHDGV WRQRQOLQHDU HYDSRUDWLRQ
HIIHFWVEXWZLWKDSRVLWLYHHIIHFWRIIDVWHUHYDSRUDWLRQWKDQH[SHFWHG
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3.2 CH* chemiluminescence and long bandpass (>550 nm) imaging 

 7KHVSUD\IODPHVWUXFWXUHZDVLQYHVWLJDWHGYLD&+FKHPLOXPLQHVFHQFHLPDJLQJQP
DQGEURDGEDQGVSHFWUXP!QPXVLQJDQLQWHQVLILHG&&'FDPHUD/D9LVLRQ7KHREWDLQHGOLQHRI
VLJKWSODQDU IODPH LPDJHVZHUHDYHUDJHG  LPDJHV DQGGHFRQYROXWHGYLD$EHO WUDQVIRUPDWLRQ7KH
H[FLWHG&+LQWKHIODPHFDQEHXVHGDVDQLQGLFDWRURIKHDWUHOHDVHUDWH7KHSODQDUIODPHVWUXFWXUHVRI
GLHVHO50(GLHVHODQG50(VZLUOIODPHVDUHVKRZQLQ)LJDF'LHVHODQG50(GLHVHOEOHQG
VKRZ VLPLODU UHDFWLRQ ]RQHVZLWK WKHEXON RI WKH KHDW UHOHDVH DULVLQJRQ WKH LQQHU VLGH RI WKH YHORFLW\
VKHDUOD\HUZLWKWKHDQJOHIRUGLHVHOVOLJKWO\ZLGHU,QWKHFDVHRI50(IODPHKRZHYHUVLJQLILFDQWKHDW
UHOHDVHWDNHVSODFHZLWKLQWKHUHFLUFXODWLRQ]RQHDVZHOOIRUPLQJDKHDUWVKDSHUHJLRQ7KLVLVFRQVLVWHQW
ZLWK WKH IDFW WKDW50(YDSRUL]DWLRQ LV VORZHU WKXV H[WHQGLQJ WKH UHDFWLRQ UDWH IXUWKHU DORQJ WKH D[LV
,PDJLQJRIWKHORQJEDQGSDVV!QPVKRZVWKHUDGLDWLRQIURPWKH50(VSUD\IODPHLVVLJQLILFDQWO\
GLIIHUHQWDVVKRZQLQ)LJGIWKHSRVWUHDFWLRQ]RQHVKRZHGORZOXPLQRVLW\DWGRZQVWUHDPORFDWLRQV
RIWKHIODPHFRPSDUHGWRGLHVHOIODPHLQGLFDWLQJORZOHYHORIVRRWIRUPDWLRQ,QWHUHVWLQJO\WKHEOHQGRI
50(ZLWKGLHVHOGLGQRWVKRZWKHSURSRUWLRQDO OXPLQRVLW\RIVRRWVLPLODU WRGLHVHOHYHQZLWK WKH
SUHVHQFHRIDURPDWLFV LQ WKHIXHO,QVWHDG WKHIODPHVWUXFWXUH LVVLPLODU WRSXUH50(IODPHZLWK ORZHU
LQWHQVLW\HPLWWHG IURPWKH UHDFWLRQ]RQH7KLVVXJJHVWV WKDWEOHQGLQJ50(ZLWKFRQYHQWLRQDO IXHOVFDQ
VLJQLILFDQWO\ UHGXFH VRRW IRUPDWLRQ 7KH DEVHQFH RI DURPDWLF ULQJV DQG WKH SUHVHQFH RI R[\JHQ LQ
ELRGLHVHOVH[SODLQVWKHORZOHYHORIVRRWIRUPDWLRQLQWKHVHIODPHVZKLFKFRQWULEXWHVWRWKHIDVWR[LGDWLRQ
RIVRRWSUHFXUVRUV>@


3.3 Global flame spectroscopy 

7KH IODPH HPLVVLRQ VSHFWURVFRS\ RI WKH IODPHV ZDV PHDVXUHG XVLQJ D VSHFWURPHWHU 2FHDQ
2SWLFVFRXSOHGZLWKDIRFXVLQJOHQV7KHUDGLDWLRQLQWHQVLW\RIWKHIODPHVZDVUHVROYHGVSHFWUDOO\IURP
WKH89WRQHDULQIUDUHGUDQJHQP)LJXUHVKRZVWKHJOREDOIODPHVSHFWUDREWDLQHGIURPWKH
WHVWHG IXHOV'LHVHO IODPHSUHVHQWVDSURPLQHQWEURDGEDQGVSHFWUXPEHWZHHQ WRQPGXH WR WKH
LQWHQVH OXPLQRVLW\ UDGLDWHGE\ WKH VRRW FRUUHVSRQGLQJ WR WKHFRORXU VSHFWUXPRI\HOORZRUDQJHDVZDV
REVHUYHG LQ WKH IODPH 7KH 50( IODPH FDQ EH FRQVLGHUHG VRRWIUHH EDVHG RQ WKH QHDU]HUR LQWHQVLW\
EHWZHHQWKHZDYHOHQJWKEDQGRIDQGQP$OWKRXJKDEURDGEDQGVSHFWUXPLVQRWSUHVHQWDVLQJOH
GLVWLQFWSHDNORFDWHGDWQPZDVREVHUYHGIURPWKH50(IODPHUDGLDWLRQZKLFKH[SODLQVWKHRUDQJH
UHGGLVK IODPH EUXVK 7KH UDGLDWLRQ DW  QP LV QRW GXH WR VRRW EXW LQVWHDG IURP WKH WUDFH LQRUJDQLF
)LJXUH)ODPHHPLVVLRQVSHFWURVFRS\PHDVXUHPHQWV7KHVSHFWUDRI
50(DQG50(GLHVHOEOHQGDUHGLVSODFHGDORQJWKHZDYHOHQJWK
D[LVE\QPUHVSHFWLYHO\IRUFODULW\
    





,Q
WH
QV
LW\
F
RX
QW
:DYHOHQJWKQP


'LHVHO
50(GLHVHO
50(
[
)LJXUH$EHOWUDQVIRUPHGDF&+FKHPLOXPLQHVFHQFHLPDJHVDQG
GIORQJEDQGSDVVLPDJHVRIGLHVHO50(GLHVHOEOHQGDQG50(
IODPHV
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PDWHULDOVRGLXPZKLFK LVNQRZQWRSUHVHQW LQELRGLHVHOV7KH50(GLHVHOEOHQGH[KLELWVVSHFWUDO
FKDUDFWHULVWLFVVLPLODUWR50(LQGLFDWLQJWKHHIIHFWLYHQHVVLQUHGXFLQJVRRWIRUPDWLRQ

&RQFOXVLRQ

 &RPSDULVRQ RI WKH VSUD\ FRPEXVWLRQ FKDUDFWHULVWLFV RI 50( DQG  50(GLHVHO EOHQG ZDV
SHUIRUPHGDJDLQVWGLHVHOXQGHULGHQWLFDOEXUQHUSRZHURXWSXW$OWKRXJK50(VKRZVFRPSDUDEOHGURSOHW
VL]HDQGYHORFLW\DVWKHGLHVHODQGEOHQGHGIXHOWKHGURSOHWQXPEHUGHQVLW\DQGYROXPHIOX[IRU50(LV
KLJKHUGXHWRWKHLQIOXHQFHRIIXHOSK\VLFDOSURSHUWLHVVXFKDVKLJKHUYLVFRVLW\DQGVXUIDFHWHQVLRQ7KH
GURSOHWVGLVWULEXWHGDW WKHFHQWHU UHJLRQRI WKH IODPHDUH VPDOOHUFRPSDUHG WR WKRVH ORFDWHGRXWVLGH WKH
ERXQGDULHVRIIODPHUHDFWLRQ]RQH7KH50(IODPHUHDFWLRQ]RQHVKRZVDPRUHORFDOL]HGLQWHQVHIODPH
ZLWKQRVLJQRIVRRWFRPSDUHGWRGLHVHODQGEOHQG,QVWHDG50(IODPHVKRZVDGLVWLQFWSHDNDWQP
ZKLFK FDQ EH DWWULEXWHG WR WKH SUHVHQFH RI VRGLXP 7KH EOHQG RI 50(GLHVHO VKRZV D FRPEXVWLRQ
FKDUDFWHULVWLF PRUH ELDVHG WRZDUGV SXUH 50( IODPH ZKHUH WKH IODPH VWUXFWXUH DQG VSHFWUD VKRZHG
VLJQLILFDQWO\UHGXFHGVRRWDQGIODPHOXPLQRVLW\

$FNQRZOHGJHPHQW

7KH ILQDQFLDO VXSSRUW IURP WKH 0LQLVWU\ RI +LJKHU (GXFDWLRQ DQG 8QLYHUVLWL 7HNQRORJL 0DOD\VLD
5HVHDUFK XQLYHUVLW\ PDWFKLQJ JUDQW YRW QR 0 DQG 0LQLVWU\ RI 6FLHQFH 7HFKQRORJ\ DQG
,QQRYDWLRQ0267,0DOD\VLDYRWQR.+$6LVJUDWHIXOO\DFNQRZOHGJHG

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